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This report presents”$he results of an investigation
of the coolin~ characteristics of an R-2600-22 engine
Installed in a PBM-3D nacelle. The investigation was
divided into two parts; an investi~ation of the general
cooling characteristics of the en~ine by the NACA coollng-
correlation method, and an investigation of the cooling of
specific points on the engine cylinder where cooli~ was
critical. Particular effort was ~irected toward meas-
urements of exhaust-valve-crown temperatures and the
investigation of methods of cooling the exhaust-valve
crown, Fairly extensiva tests were also made In an effort
to improve the cooling of the number”~ cylinder..,

A comparison with a torque-stand gorrelatlon obtained
with an en~ine having a similar cylinder head but different
barrel fins indlcete~ very good.agreetint. A comparison
of the coollng-correlation equation ds~ermined during
these tests with a correlation obtained on an R.2600-22
engine In flight indicated fa$r agreement between the two.

The data from the.exhayst-valve tests show that
control of the fuel-air ratio 1s the most important
“factorinfluenchg the exhaust-valve~ro~ temperat~e.
AslQe from
not ap”)ear
comparable
air ratio.

redesl~n of the valve and oylinder, it does
possible to attain coolZn~ by “externalme~s
to that attainable by contr.olltn&the fuel-
The Ermnd tests lndlcate.that.lt Is
i
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feasible to o?erate the eng~ne In flight at 975 horse-
power at fuel-atr ratios as lean as 0.056.

General engine p.eri%rmance, lncludln& brake specific
fuel consumption is not adversely affected by very lean
mixture operation, altho~h the manifold pressure must be
increaseflby about 10 percent to maintain crufslng power.

It Is r~commended that endurance test@~ be conducted
to determine the effects on the engine of operation at
mixture ratios in the neighborhood of 0.056 to 0.058.
The service life Of the en&lne ml~ht be extended, provided
this lean mixture operatian ~oes not cause ‘unforeseen
deleterious effects.

For tillsen ine installation, r&noval of the baffles
from the number 3 cylinder reduced the temperatures at the
rear spark-plug ~asket, rear mldbarrel, sad base of the
cylln~er, without pro~uclng measurable reductions in the
temperature of the exhaust valve. It Is stressed that,
altiough removal of the baffles from one hard-t~-cool
cylinder may often prove to be a quick fix, removal of
the bafilee from all cylinders will be.definitely detri-
mental.

At the request of the Bureau of Aeronautics, Navy
Department, the NACA has conducted a cooling inves-
tigation of the R-2600-22 engine installation of the
PBX-3D airplane, both on a &round-test stand at the
Langley full-scale tunnel anH in flight. The inves-
tigation was requested because the en~ine cooling of the
PBM-3 and PBM-3C airplanes was lnaiequate at high gross
weights. In cruising flight the cylinder-head temper-
ature limit was exceeded, and exhaust valve burning and
failures were frequent. When production of the PBW-3D
was started, the proto-tijpeairplane and an e~ine quick-
change unit were made available to the NACA for flight
and ground-coaling tests, since It was believes that
many of the difficulties encountered with the PBM-3 and
l?B?4-3Cwould’ alf30be experienced with the PBM-3D.

The”ori@nal test p~grams called for a determination,
both in flQJat and on the ground-stan~, of the lmprove-
inentin coolfnE possible with redesigned cylinder baffles
and with propeller-speed coolin~ fans~ In addition, the
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ground-tee-tpmogrqw lnqltadedsome speelall~ed tests,
SVM!31~q.rmamxrement of “themhaust-valve-cmown tenqper-
atw~q S:.whi.m...m+.q~.~dmom extewiw. Instrumenta@ on ..- .....-----... .

an$
~Bd~:tim.‘Mfflo@.t.:to 4amy out in ““fli t.....Bsotnzseof -
the resultS.qf.*- ~fle, Twvtsions fan Inet.al-.
lation during the flight tests, suw modlfimtio~’ wero “
made lzLthe p~.ogrsmfor the groumlitests. ,mlhe:schedule
of baffle .tes.t~,was ~eatl~ -uc~d~ WS ti% C@ * f~.
as.:suoh was e~minatad, greater effay?twaa direpted
toward an inves.tt~a~o~ or e~uct-valve ..qoollng,.and i

spaoifi.otests were eondmted for Improving the eoo~l~
Or: -IXIM3W. t3 VWACIW., “.. . .. ’.. .:.i- “

I’S.:-.~&is’”Gep~kt’pk09.On~sthe general cooling Oh&&c.-”..“.‘
tiiistlop of the engine by the NACA cooling~cOrrelati.ofi‘
methpd, and the resul~a of t@ lnve~tlgation “orthe
effects”on the exhaust-valve-orown”temperature’of
several methods of cectling. A brief description o’fthe
serls%wo@tes,ts -for ~mprovtng the coolIng of.the number
8 Gylhde?? As’.alsoIqcluded.. . , :.. : ..”..“ ~ “ ,

..,. .. .“.. .. “. ., ,: .-....-..-,.....!
.. ..~tipAtiA:~JSAY~ ~i@&!!*TATIoN ‘m”. . ~~.... ...t...,~.. ,., .4 . .. .. . ,.. . . .
f., , . . . . . ...:., ...a. -t.. . .,

- ~e R.+2&0-,22.eng”ine.“imaa ““”
air-cooled engine, rated at ..

WQ Jyqrse~owierat 2~00.rpm ~oy take+fX and 1600 . “
horsepower.:qt2400 rpq.for maximum ccnitilnuquapower
from sea~leve~ ‘to.~500w,&set~, we ,pplael@r. &e.arrat$Q ““

f1s.L617,thq..iqmlJe.r d%ame.terI? “11 nchti,s,ap’dthe ..
Impeller.ge+a.zyratio-q+re 7.06:1 m d 10,,06:.T~!I!M
R-2600-22 en&ine is og ~~e.R?,2600BB.sert~.d.,an~dif~ers”
In several respects from the en&ines.df the R-2600 B
series wed In.the PBU-3 and,PBl&3Clairplanes. Alu-
minum barrel fins are used instead”of steel; nichrome- ,
faced exhaust valves ha tead of s tiellitie.face-d,-‘
buttress-&.eaded exhaust-.val.v.eseats inq.teadof,seats
shrunlqinto the cylinder head, ti~.‘*Q oil sumps.....
instead.o~ one. .Zhe aluminum bdrrel fins qre fabri-
cated in the $QZImo,f1800 arcs which tie fas-:
tened bg rolling them into grooves maohined on “~e “
cylinder barrels,..

. .
... . .. ‘.. .. .. .

The stankrd PBM-3D quick-ch~ engine unit Wii” “
Inst@lled,on aq outdoor ground-tes& se.~up(flg~.1).
~is unit, which included those par$~ of.~e.”.nac~lle,.
ahead.os the.rear of -tie.erigine.~u~l”waa’s,upported

.—. . —. .-
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on a qtuh’:witi~:-“EMglnecontrols and instrwents ‘were..-“
loca6s@~.lma test house~about 20 fedt f%om -thewing~ and”
engine idontrolwas by electric actuators in the’wing.
Hydraulic.pressures .knd air pressures were.read in~.the
control hduse from direct=actuated lnstrhents.4. .

.The engine power was absorbed by a 15-foot 2-inch “
diameter Curtisa Electrio k-blade propeller. A “

T
ro~eller-s”p.eedfan ‘ofa Curtiss preliminary design was “ .
nst~lled to au@nent the coolint-air flow, “

-., .... ..! ,....,.
The engine charge-air was measured by .~:cali~nate.d.”

venturi and was -brought to the carburetor through an
external duct- The fuel flow was measured by ‘Stablvisf~
rotameter~ an~ the engine.torque was measured with a “ .
standard i~righthydraulic torquemeter supplled wtth the
engine.

The engine was equ.ip~edwith a Stromberg FR-4=
carburetm?~ with Wri&ht Aeronautical Corporation carbu-
retor setting Ro. 60973N31. ‘lb f~l system was mod-
ified somewhat to permit greater flexibility in fwl-
air ratio omtrol by installing an auxiliary fuel line
fpm the mntrol house to the fuel transfer pipe of the
carburetor and by installi

%
speeial zmkture-control

plates in tie oarburetar~ e amllary *1 llne.waa
oonneotid downstream from *4 rotameter so that the
additional fuel flow was read on the rotameter- Control
of the auxiliary flow was by a hand needle valve. lbe
speoial mixture-control plates ‘pemnittedfine adjust-
ment of *8 manual mixture omtrol at stations between ‘
“automatic rtoh” and “automatio lean~” arribetween
“automatic leann am ‘F~dlg~ut-off.*l

The fuel-used throughout the tests was specifi- .
cation AN-F-2&, grade 100/130.

Instrumentation.- Total-pressuretubes were
installed on all front-row (even numbered) cylin~er
heads “ti~on the number 1 cylinder head. Static-
pressure tubes were installed on all rear-row {odd “
numbered) cylinders. fie locations of the “total-
pressure and the static-pressure tubes are shown in
figure 2. “. .

Prior”to installation of pressure tube”sover the. “
entire engine, a brief investigation was cdnducted to I
determine the fore-and-aft location most suitable for
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these teata. It was found that the smoothest and most
reproducible readi~s were obtained by locatin& the tube
‘en:ls3/16 inch aft of the baffle curl. mat location
was chosen for these tests,

Embedded”lron-constahtkn thbrmocoup16s were
Installed in the rear~spark-plug boss of each cylinder.
The embed~ed thermocoufile.consistedof one”Iron and me
constantan number 28 glass.covered wire silver soldered
Into a 0.018-inch diameter soft brass pellet, which was
driven into a hole drtlled Into the spark-plug boss
(fig. 3). The number 2S wires were silver soldered to
heavier leads which were held rigidly to the cylinder
by a small”brass clip.. .

A few preliminary”tests were made to cmaparc the
temperature rneasured.by,theembed~ed thermocouple with
thdt measured by two spark.pl~ gasket-t’ypethermocouples.
Both o’ft.?.?e&asket-type thermocouples were attached to
the same”gasket, one pair of leads being embedded in the
body end’the other pair in.thd tab projecting from the
gasket. me three test thermocouples were installed on
the number >.c!ylinderof t@e engine. Army-Navy standard
gasket-type thermocoupleswere installed at the rear
spark pl~s bf cylinders 2.and k to obtain reference
temperatures.

Three series of thermocouple tests were run. The
first series was run with the normal flow of air over
the engine,”and the second and third series with 167-
and 13g-mile-ppr-hour blasts of air from a 3/k-inch
tube .Hrected on the thermocouples. Each series of
testq was run at several different power conditions
selected to &lve a range of’cylinder-head temperatures,
me teSt results (fig. ]4)sh~w @at. the thermocouple
embedded in the spark-plug bos~ was affected least by
stray blasts of air, while the thermocouple In the tab
)@OjeO”tti6 from the &aSket WS affected most. In view
of this fact, the embedded t’ypewas chosen for the
correlation work.

Each cylinder was also equipped with a conventional
gasket-type thermocouple at the rear spark plug and
thermocouples were installed at the cylinder flanges.
During the exhaust-valve work,”thermocouples were ~
Installed In the exhaust.valve crown of the number 2
cylinder, in the exhaust-valve guide, and In the metal
lmmediatel~ adjacent to the exhaust-valve seat.

,.”. ‘
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The exhaust-valve thermocouple installation Is
similar to that described by Sanders and others In
referenoe 1, with the exoeptlon that provision was made
for installing all contacts underneath the rocker-box
cover. The &eneral arrangement of the installation Is
shown schematically in figures 5 and 6. “ The thermo-
couple Is formed by the junction of the sln~le con-
stantan wire and the stainless steel tube shbwn-in
figure 5. tie single-wire thermocouple permits a more
rugced construction than does the two-wlre”thermo-
couple; however, due to the fact that the temperatures
encountered are near the upper limit ‘foran iron-
constdntsn thermocouple, the calibration is somewhat
uncertain and apparently cha~es slightly with use.
‘I’hether~couple is considered .satisfactoryfor “
comparative tests, although the absolute values may
be in error by”as much as 50° OP 600 F. The thermo-
couple emf is transferred to”the external leads’through
tie contacts on the long steel s?r@s (fig. 6). !lhese
contacts are arrahged to touch the contacts on the valve
during only about l/32 Inch of valve travel. Movement
of the sprin~s is thereby held to a minimum. Inasmuch
as the valve remains closed approximatel~ three-fourths .
of the time, no difficulty has been experienced in
obtaining.good null balance readings on a potentiometer
with a reasonably sensitive galvanometers.

..

This tiermocou~le Is characterized by both compact-
ness and.ruggedness. me complete installation can be
maflebeneath the rocker-box cover, and the present
installation has been operated a.total of more than 65
hours. The only maintenance required has been replace-
ment of the contacts on one occasion, and minor adjust-
ments of the tenston of thq contact springs. “

rpm

ihp

bhp

Pm

NOTATION

engine crankshaft speed,
minute .

indicated horsepower

brake horsepower

engine manifold pressure
blower rim, inches of

revolutions per

measured at the
mercury absolute
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P
“n

P

‘P’ “

Wa

we

xsY9~8

Cl and C2

‘h

ta “

to

%

%-0

CP

outside air pressure, inohes of mercury
absolute

mass density of ooollng air, slugs per cubic
foot

relative Sensity of cooling air (P/0.002378)
..

ooolhg-air pressure drop across engine,
Inches’of water

engine coolin~ air, pounds per hour

engine chazyte air, pounds ?er hour” ““

exponents applying to Wa, We, and cnlp,
respectively

constants ,.

averaEe temperature of all cylinders,
measured by thermooou lea embedded in
the spark-plug boss, llF

cooling-air temperature, ‘F

carburetor-air tem.pertiture,‘F

mean effective gas temperature, ‘F

reference mean ef’fecttvegas temperature at
carburetor-air temperature of @ F, oF

Increment of effective gae temperature ‘

acceleration of gravity, feet per second2

specific heat of air at constant pressure,
Btu per pound ‘F

..

.

.—-. — -—. _____ .
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:. COOLING.C,ORRELA~ION““ ---

Establishm@nt of the Coolin& Cor&elation
#

The fundamental prlnciplea of the NACA englne-
cgoling correlation method have been expressed in
references 2, 3, and k, and detailed Inscriptions of
the application of the method are given In reference 5,
The fundamental equation for-& oooll~ of an af.r-eoo~ed
engine is e~resse-tl as follims’:

%“ta
~eY .. “

?&h=cl i? “ “
#

or

t~ - ta ~,eY
=c2—

t~ - th (aAp)z

Equation (2) 1s ap~roximate, ml Is generally used

(1)

,..

(2]“

in
a~plying the correlation method at low an~ medium
altltudes. At high altitude the more exact equation (1)”,
la used.

Throughout this report the reference mean effective
gas temperature tgo is used instead of t

&80°
In conform-

ance with current prgctice. The mean effective gas tem-
perature tg i.sdetermineflfrom the equation:

.

% = %o
+ 0.3 (tc + At),

where the blower rise 4t is determined from the equation:

At =
(Impeller tip speed)2

778 g Cp

For this en~ine, the equation reduces to:

At = ,qo, <:;$2 (low blower),
i. /

(reference 5)



MR NO. L5L19’

and:
. .

9.

. . .
.... . . .

“(high blower) : ““
,.. . .

● “
For.low blower; “then;
from the ex~ression

r

the correctl..bm“it $s-determined
. .E

I { ‘)1“’”r&12° “---.” ““” “ .“
Atk = 0.s tc + 19:1 ~ ‘.. - ....... (3),

:_

J..
-!

mprn

% = %0 b)~
+ 0.8 to + 19”.1 ~

-.

(4)

me correlation was run in accor~ance with standard
practice, then random points-were taken to verify the
correlation. All runs were made with the engine in low
blower.

Power-Charge-Air Correlation

Generally, the solution-of the coolin~ problem=
requires a knowled~e of.the charge-air flow,We. me
followlng methoi of estimating the charge-air flow
(see reference 5) is based upon the assumption that

(
tie

the indicated specific air consbmation — pounds of
ihp‘

air per indlcate~ horsepower hour) is fixed at an~ one
fuel-air ratto. A curve of specific air consumption
against fuel-air ratio is glotted from.the data taken ‘
lurin~ the correlation runs, and the charge-air flow is
estimated by use of the followin~ equation: .

ihp =
L

(we ]@)2-,1.61fm - PJ*bhp + 21*C + 2.13 ~

(5)

which may be put nt

(7.

the followi~ fbrm:
bhp.+ 21..2 ~ -

coo 1:’1 tm - ‘J. * ~ ,6)
we = .’

1
0.

.rpm2
— - 0.00..213—
We/~P . . 000

..
where We/ihp is determined from the plot of specific air
consumption against fuel-air ratio.
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The e uation with the above constants applies only
2!to the R-2 00 engine with n-inch diameter impeller, and

with an impellbr gear.ratio of 7.06:1 (low blower). !lhe
corresponding equation

5
or high blower operation Is

F3
bhp + 21.3 ‘p - 1.61 (Pm - P~~

00
we= ‘ (7)

rpm 2

+
w 0900431(~? )

me Vdds of th is determined from the engine-
temperature limits as set by the manufact~rem, given In
terms of hottest resx+s.park-plug-Eaqkettemperature.
The correlation presented in $hi& report is based upon
the average temperature of all cylinders ‘(asindicated
by thermocouples embedded in the spark-plug bosses),
therefore the relationship between hottest rean-spark-
plug-gasket temperature “aqd.averq.gsembedded temperature
of all c~llnders Is needed. This relationship Is deter-
mined from a plot of hottest rea-.sp.ark-plu~~~asket
temperature against avsrate ~mbedd~~-thermacbaple tem-
perature, f~om data “obtainedd.ming the cmrelation runs.

..:

.. ...“Coolin&-Correlatlnn Results.

A &enertilsummary of the correlation data Is givpn
in table I, and the individual c~lin~er ‘temperaturesare
listed In table 11.

The variation of t&o with fuel-air ratio is shown

In figure 7. ~t”$s :seenthdt the ?oints all fall fqlrly
near the curve, re~ardless of whethep the engine wss o~er-
ated at constant charge-air flow, conslxint‘~ower,or con-
stant manlfol~ pressure.

rne value of the exponent z (equation (2)), as
determined by the .con”structiqncurve, :S 0.36. The expo-
nent y is 0.59, and C2 is 0.00@0. The complete
cooling-correlation”e“quat!onfor”thle-eng’ine ‘Is then

%l-ta
~eQ~5!?“ ““”

= o.ool@
‘G% 0 @P)V6 :- ~ ‘

(6)
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plotted a~ainst 64P, is
..

#

..

.-

11

fo”r+~ e~ine,.with..

given fri.figure8.

Application”” .

An e~a~le of the use of tbe correlation curves
follows. The conditions are assumed for a lstandard “
cruise qetting. . . ..

,.:
“cQndltions: “

N-avysummer atmos~here

Pressure altitude, feet . .

Atmospheric pressure, inches

Atmospheric temperature ‘F .

.. . .
1*

,.
., ,

. .. “.. ... .. . . .-7pJq

● ..m.m ● 9

of mercury . .’

9.*9** ● *

..9.. 99*

~gine manifoli pressure, inches of mercury

&ak’ehorsepower . . . t . . s . s . . L _ ●

Fuel-air ratio . ● . , . .-m . ● ~ . ● .0 - ●

Assume carburetor atr temperature, ‘F ● c ●

a9 5000.. ..
● m ;4:9

. . .
9.ed” 71

. 0.8120

99 1$75

● . 31.5

.*
● 975

,e “0.065

● ** 75

.

..

Engine speed, rpm . . . . .

The normal cruising speed of the l?B?4airplane is
sauewhere in the neighborhood of l!@ miles per hour at
me power condition assumed. Corrections for po.mpress-
Ibillty effects have been appliefland the fol~owin~ .
corrected values are used: ..”.

.
t oFc . .. 6 . .. . w ● . ● , .-a . ● ● ● - ● s ●RB 7.5.“

u . . . . ... . . . . . . ● . . . .: .. .. . . ● ● ● ● . :~0.82: “..
., ,-

, ..-.... , :. .... -. “#

---
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First, “ ‘eJ tg, and th MUSt be determirae~,- ~OItlfig-.

we
ure 9, — at 0.065fueb-air ratio is 5.95 pounds of air

tip ..
per lndicatGd horsepower-hour, and from equation 6,
We = 6500pounds per hour. ..

From fl~ure 7, t~o at 0.065fuel--airratio is

1170°F’. Then (equation (4))

tg = tgo+ ().8C?5 + 19.1 (l=975)a = 1170 + 120 = 12900F

The manufacturer lists )+01°F as the temperature
limit for the hottest head (rear-spark-plug-&asket
thermocouple) for continuous operation, an~ figure 10
shows that th (embeddeflthermocouple at a hottest
rear-spark-plug-gasket temperature of i~1~ F is @o F.

Then, .

th-ta .1. @o- 75

= ~ - = 0“00214tg - ~ Wee-59 .

and fron fi&ure 8,0LP = 6.9

Supplementary Consld6rations
0.

The curve of indicated speclf’icfuel consumption
(fig..11.)is an ln5ex of the.&enOral engine performance.
fie-consistency of the fi~eland air measurements 1s illus-
trated by ‘thefact that the data of both.figures 9 and 11
fall reasonably near the curves.

Comparison with Other Correlations

A co”olin~correlation for the Cl@ en~.ineis pres-
ented by the firightAeronautical Corporation in refer-
ence 6. The cylln~er head of the Cl!@ en~ine is simil&
to that ~f the Cl@B (2600-22) en@ne, and the cooling
correlation for the cylln~er bea~s Should therefore be”
simllaro A comparison of the two correlations is shown
in figure 12. The Wri&ht Aeronautical Corporat n data

th - ta ~el.tz
are presented with — plotted against —s and

%-%
&?
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for’ ojiiqjtiisonth I@~.”*
z %

otted on”tM same baste,vs. -q~~ ....ooam~a..~m..Is”“
’430e~onent, “1.6 ,.W@ i~.,.,u~ #T%.... :
.ob*ainedby dividing .tlae.~o~o~j$:Y..“b~ “me e~nent #~
frqn equation (2). The 6&&p@&i@

T
‘exponmt.from thq-.

NACA data 14 2,.4. Thb a&@iiejWbe W&en the two sets of
data IS very ol~ee”aml in~eat~a’.”~t~, ~robablllty of.goti
inatrumentatlon. ● ..”

,.

~...The use.fulnesa of.. &y otioling-aortilatlondat’aIs
largel~ de&mdent upon whether or not *9 oOoling wequWe-
~mantel,of the engine, as pmklicted fzmn @ eurv6s0 agMe
with:.adnaal flight-teat.data. There have peen frd~uent’:
dtscmepannles @twe.en some wind-tunnel and fligh$o:o~bl~
oorre~artione of engines other thtm me R-2600, .

~mda~bn 1%.may be of particular Interest to oamp~. the:-
oodlirrg~cornlatlon obtalnod durl~ ~ flight tesiw..~.! ?
mlth -the r30ding-corr@8tlon dats of th%s report..-~-~~
fli t:tests rere carried out at an altlt@e of.5000 f&bt,
St?t!R?3questlo~ of oorreotions for hi&h altitude ddek’tiot
enter Into the oom~arl.son. The fll~ht tests selected“for
comparison were nade with a Curtisk fan installed on the
engine, ...

In figures 13 and l!+are shown comparisons of the
ooollng-alr pressure dro~s and rear-spark-plug gasket
temperatures for somewhat siud,lar aonditions, for tie
i?llghttests and ground-stand tests.

.

:‘.lMgi@e15 is a direct comparison of the cooling- -
correlation ourves obtatned during the flight tests ardl
during the ground tests. The I.ndfoatedhorsepower is
used Instead of the oharge-alr flow bemausd the results
of the flight tests were available In that form. Zhe
exnonent of the indicated horsepower determined during the
flight tests was 0.60. In mmputing the fli@t-test points
for figure 15, however, the same value as determined from
We gznund tests, 0.59, was used in order that dlreot
comparison of the oorrelatlens can be made without a?esort
to computations. Use of the same value of tie exponent for
indicated horsepower as is used for We is legitimate.
B@ the ground-test and flight-test correlations qf fig-
ure 15 arebased upon the average rear-spark-plug asket

dtemperatures”rather than upon the average of embe ed :
thermocouple8. Figure 16, showing hottest rear-spark-
plug-gasket temperature.plotted agalnst average rear-
spark-plug-~asket temperature f’mm the ground-stand test
data, is lnoJ.udedfor oonventenoe I.nmaktng oalcnalationa.
A ~ok of’ similar data from the fli@t tests shins very
good agreement with the :round-test data of ft.-e 16.

—.
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It is seen from figure.15that,at.@e hi@er values
of ahp the difference .betwe.en@e two”correlations “
amounts to about two Inohes of waker presstie ~rop. At .
lower values Qf: uAp the differen~e between the corre~a-
tlons is less, and tiletwo,.linep“wquli,ihtersect~.~ th?”-
neighborhood“of z inches-of’water p“qess-areSrop;,.

The comparisons of data In figures 12 md 15 indi=
cate that, althou@. good qgreemept may be reache~ between
.~ifferentground-stpng correlations of s.imilar.engines,
~isagreement still.emists betweqn ground-test an~ fli~ht-
test data. Altho~h the fllght an~ groun~-test pressure
dregs are of the same,orflerof magnituje, the 20-percent
difference is enou~h.to.account for failure of”ground-
stand correlations.to predlc.tfli~ht performance. It has
been suggested that.Ilfiecrencesin instrumentation are.
responsible for $he ~isa~reement, since good instrumen-
tation for fli~ht testln~ is more difficult than f’or
groun3 testing.. It a?~ars more ~robable, however, that
other factors, such as largs differences in inflow pqt-
tern, may be contributory. .

EXHAUST-VALV.?COOLING TSSTS

Since one of &he chief difficulties encountered with
this engine installation in service had been failure of
the.exhaust valv6s, a rather extensive investigation was
made of the coolin~ of the exk@st-valve crown”@. the
regi.oai.nthe.viclni.tyaf the eixhaus.tvalve. . . ,.

. .

. ...

. t.!ethods.

Cylln5er number 2 was ~hosen for .tlie.exhaust-valv-e
tests because of Its accessibility. .~o Cllfferentgen-
eral methods of coolln~ the valvd were tried, namely,
internal coolin~.by var;-lngtb.efuel-air ratio, and ,
externel cooling by means of directed air flow. In .

. order to get .qome Idea.?f bow much”valve coollhg was
possible by external caollng, one”series bf tests was
made with a water spray ~lrecteitover the cylitier. The
water spray was consi~eved to be a more dras”tlduiethod.
of external coolin~.than any method which coul~ tieus”ed
in practice. ‘ . ~- ...“

I
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Because of the known behavior of the en~ine tem-
--- peratures,when .the.,fuel-air.ratio Is varied (shown in

fl . 7, and demonstrated In ~etall In references 7 and
8 ?, it-was believed that leaning of the mixture.beyond .
the stolchiometric might afford an easy metiod of cool-
In& the valve wltahoutrecourse to redesign of-the cyl-

o inder or valve. .Accordin@y, tests”were male to deter-
mine the valve temperatures throughout a wide range of
fuel-air ratios’ani to see if the engine could be oper-
ated satisfactorily at cruise power at the mixtures net.
essary to cool.the valve.

.
me tests were conducted at.a standard cruise power

for the engine (1975 I?pm,150 bmep). ‘he torquemeter
.readln~ at t!.,enormal crul~e setting was first established,
then the fuel-air ratio .WRSvaried from rich to lean.
The torque was maintained “atthe.standard cruise.value

. by varyin~ the manifold pressure. A later series of Gests
was made, usln~ first stan~ard bat’flesand then a set of
ducted baffles.”onthe c;rlinderwit.!!the ti~ermcouple
,valve installation. . . .

me ducted baffles &at were“used were similar to
the baffles that were adopted duri~ the fli@t tests
with the exception that only the .sid.ebaffles were

“ used, in oonjunct$on cd.th.fiestandard top baffle.
. .

llnewater spray nozzle”at the front of the c~lln.fier
was made of l/~.-inch-diameterco?$er tubing with fine
holes”drilled along its IenCth. An effort was ma~e, in
the ~eslgn, to obtain a spray that would”direct a larger
proportion of the water to the exhaust .slde. . .. .

Exhaust-V.alve-CoolinCResults.

~esultslof the fuel-air ratio:tests with staniard
baffles, and the results of the watar~sqray tests, are
shown in fl~yres 17 and 18. Fi&urq 17 shows the
exhaust-valve crown temperature for cylinler 2, and the
en~ine brake sp.eclflcfuel consumption and manifold pres-
sure, plotted against en~lpe fuel-air r~tio. lhe tem-
peratures of the exhaust-valve seat, “exhaust-valveguide,
and rear+spark-plu~ gasket on cyltnper 2 are shown in
figure 1S. !Ihedata for”the water-spray tes.t.swere
obtained by turnlnE on the spray immediately after
obtalnin~ the data for the points on.the curve at the
same fuel-air-ratio.

—— — —- .— __ _ —
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It IS seen from .’lmapectilonof figure 17 ~at the
exhaust-valve temperature w~s loyere.dabou% 8

2
F when

the en~ine fuel-air ratio was leaned from 0.0 5 to
0.0575. There were no adverse affects on fuel cong-mP-
tion. The mani~old pressure had to be raised from about
32 inches of inercuryto about 55.inches, in order to
maintain crulsln~ power.

The other measured temperatures, shown in fi~are 13,
were also lowereiiwhen tilefuel-air ratio was leaned..
Comparison of the temperature data of fi~ures 17 and 1:
provides a ~ood example af th6 r81ative values of inter-
nal and externsl coolln:.. The exhaust valve is inside
the cylinder and ‘is therefore.affected treatly by tnter-
nal cooling (in this case, by chan~e of.fuel-sir ratio
and consequent change of t ).

5
T!herear-spark-?lu~ ~as-

ket, the exheust-vblve &ul e, anflevbn the metal near the
exlhaust-valveseat, an tke other hand, are most easily
influence~ by external coolin~. For exa.r,ple,a f~el-
air ratio chan~e from 0.065 to 0.0575 (en~ine; cooled
the number 2 cylinfiers;~ark-plu~casket only ab-Qut
25° F an-let the same time cool-~dthe exliaust-v=lve...
crown 350 F. !Ihe.external .coQlln~by the water s~.ga”j-,
on the other hand, lowered the temperalmrcs ~f the rear-
sngrk=qlug ~:asket~exhaust.valve tul~e.,an~ the metaf
near.tms sest, ebout””l~o F an”dat h;hesme time had
about the saw effect an the exhaust-valve-crown temper-
ature as tie fuel-air rstio change a~oove. ‘lhe”conclu-
sion to be drawn, then, was that (bqrrip~ ~esign chan~es
in ttiecylm%r hea:.&ni valve} changin~ the fuel-air”
ratio is the most effectlvq practical means for cmtdol-
ling the exhaust-valve temperature.

As mi~ht be expected after stu~y of’the fohegoing
results, attempts to cool the vBlve externally by use of
the ducted baffles were not encoura~ing. Although the
directed air flow re~uced the ten>eratures at the rear
of the cylinder and h the vicinit; of the eyhaust valve,
no appreciable coolin~ of tie exhaust-valve crown
resulted. Consequently, no data from the ducte~ baffles
are presentei in this report. “

.

Ki.xtureDistribution “ .

The verlation of the’!nlividual rear-spark-plug-gas-
ket temperatures with engine fuel-alr ratio is shown
in flture 19, with the test points omitted for the
sake of clarity. If the fuel-air di&tribUtiOn



were uniform,“all the curves shoulflpeak at the same .
point &lon& the absoissa; the vorlatlon in the,Input

, ... fuel-alr”rktio:..at”wbichppak tempergbure occurre~ is
an ln~lcatlon of the fuel-alr--dl’s~rlbuhi”on,“–!Iii6curve “
of average temperature of all 14 cylinders, fiawn as
the dashed line in the fIgure, pehks-at about 0.067,
and it is p~obabl~ that the fuel.air ratio of.each
cylin~er was in the nei~hborhood of 0..067at the point
of maximum tempmefiatux+pfor threatcyllnder.“ Cylinder ~,
with the thermocouple valve installed, showpd its tem-
perature peak at”an engine fuel-air ratio of”a~out
0.06& indioatln ‘that the cyllnder was.rtu@ng “
sli@tly richer k an the”aver*e; that is, the act”ual
fuel-air ratio’for cylinder 2 was 0.067 at .t@epoint”
of peak temperatiire,,whereas the Input”fuel-air-ratio ‘ “
was 0.066; i ‘““ ‘““.. \ .!.,.. . ...

, Operating Considerations

KnEine operation at fuel-air ratios as lean as
0.056was snooth and steaay. The engine has been oper-
ated at 975 horsepower at fuel-air ratios as lean as
0.053, although were Is ,mqo,xeuns~eq~inqas..atthat,.rnlx-
.turO”strength: . . . .“” .. . . .“ .

..
: “ ~%”esentserv~ce ca~b~retdr settings .fprth<s”: “ “

engine are arr~ged so that t2e .catiburetorwill meter ‘
betwe,e”nthe ~irnitaof~OP0605t~ O.O& in “automa~l#lean .
sett%ng. ~vidently .theLJ.,“the engine?,ard b~lng oper- .
ated in a r.an~eof’fuel-air rat”ioswhere maximum . .
exhaust-valve-crown te*.er.aturesocc~. ,Assumlng,:then,
that It 1s :Ieslra”blefor the sake Qf exhaust-valve cool-
i* *“ mm the eng~ne leaner than present .~acticq per-
mi t.5.,the followinc dlscuksion has bae.n prepared to “ .
sug~est’.somechan~es in operati~ technlqqe yht~h., .“ ,.
Althou~h small, are’lziportant.- .. . . . .

..-,.... .
-Mlxtfie “se%tiln.- The ‘first”pointto be”e”mphasized

+;S th~ e fuel-qir ratio fm best operat.lon
Is an item reqtilrin~.consf~erable precision”. fie pro-
cedure should not be con~emned upon the basis of man-
ual leanin~ tests condacted witho-utadequate instru-
mentation or experience. “It is belleve3 that an au*o--
matic setti~ must be provifledl-nthe ‘carburetor,so
that the ~isupdrlekntisettin~ is reach.ed.without
requiring delicate manlpulatio”nof controls. Accordi’hg‘
to the data presented herein, the optimum fuel-air ratio



‘1.

is somewhere In the neighborhoo.~of 0.056 tq.0.053.
lhis value .provldes‘a.nalxtie ri~h enou~h for stea~~
engine operatzon, but lmn enou~h for lar~e cooling
effects on the-exhaust valvq. .

Changing power.- As shown In figure 17, the man-
ifold pressure mus~ be Increased to obtaZn rated
cruise power at”the lean mixture setting. Normal
procedure, in order to avoid possible detonation while “
the mixture ratio 1s being chan[ed throu&h the region

of maximum detonating tendency, should be .toreduce
manifold prdssure and rpm to cruise power, set
the carburetor td ‘!superlen,t’ then.increase manifold”
presstie until the powar loss, due to leaning the mix-
ture, is recovered. The reverse proqedure should be
followed when changin~ to the automatic rich sqttiqg; .
that 1s, first reduce manifold pressure, then set the
carburetor in automatic rich, and finall: Increase
manifold pressure snd r~m to the desired power.

N’UMBER8 CYL+DER COOLING TESTS
..

During the”fll~t tests, the baffle rqvislons”enl
fan installation reduoed the temperatures of most of tie
hot oylinders of tha engine, Bemuse of the position of
the-number 8 oylinder (normally one of the hot cylinders
already),‘it was not possible “to.aooomplishan appreciable
improvement in the cooling of that cylinder. I!heoil sump
direotly behind the oyllnder restricts tt.moooling-air
exit tq a very oonelderable extent- The position of the
sump also prevents use of the duoted baffles that were
developed during the flight tests. Another contributing
oause for the tendency for number 8 oylinder to run hot
during,cruise conditions ma~ be poor mixture distribution
at mulslng fuel-air ratio, Beoause of the faot that the
baffle improvements reduced the temperatures of the other
cylinders the number 8 oylindar was the hot cylinder when
the speoial baffles were installed, Therefo~, the pro-
gram for the-groundtests Included attempts to improve
the oooli~ of tie nmnber 8 oylinder.

A number of devices were tried in attempts to
improve.the coolln&, including the following: turbulence-
creatlng baffles, elimination of cooling-air-exit
restriction by redesign of the exhaust stack to enlarge



we space between the stack and the oil SUMP, instal--.
latlon of a fdldlng on the upper part of th6.Ml-cooler,
and removal of the baffles on the oylln~er. Use of
specl.aldmuctqdbaffles :wasregarde3 as..lmpract$.oable I
because o.fot@ cramped space- .. . .“ .....] . “..

Of,al’l.the”demv~ctisthat werq tries,~&ly .V~e-
removal of’,:theb.Aff’@s.gave .resvmlta.that Wqre-in any. .
way enco~aglng. . .. .. ‘., ● .:. .

Beoause of the poasibii~ty that some”portions of
the cyll~der:ml~ht bs..affected,~fayo~.ab~ by,.re.moval.
of tine..bqffles,.the~moc6uples were Inatallad at ,there& .
midbarrel, exhaust-valve ~ui~e, exhaust-valve seqt, and
exhaust-valve crown, and a series 6f’tests at different
powers and fuel-q,i~ratios was carmriedout. ~}~uqe.20
shows typical.t~.perature @ta from ,t.~.isseries.of tests.
Becausq of’ the fact that the.te~.twith.baf’fle.s.removed.
was carried out during the hottest part of the day, the
temperatures of the rest of the ,enginein general,were
hi~ber than they were with ,thenuqber 8.baffles in place.
lhe effect of the”batfle removal is,.however,,quite .
apparent, A striking feature of the data was the reduc-
tion of the pear=.qldbarreltemperature-that was prrkiaced
by the ba~fle re-noval. l’iith,Enebaffles in place, the
rear mifikarrslwas runnint at 331° F- This temperature-,
though .nctcrit.tqallyhi~h, .is certainlj.In a ran~e
apyuo.cnia~ the Li-it.ical~int. ,Removal.of the baffles
causeq e reclac.ttcmof,57° F in the temperature.,.even
witll~v.t~,~l;m~~tlilL. for.hhe effect”of bhq hifhqr cooling-
alr teaq~ara+:.r<l.wlienbhe bef~les wers off. .

,. ..
Th6 CihH- hI@3r~tUrbS &bOut ihe Cylinder, such as :

exhaust--rel’:ficrmn, .exhau9t-welveseat, and exhaust- “
valve FuZ”3Q,:1~~.~~.d:iq5.~~r reductions in tymper~tqre.,but. .
the effect.~ws~’pr~v Cqnslder.e?iImportant. In na.case.
were .m~ o-ffiLi6.tem~J~rfitlAres,..incre~sedb~ removal qf the ..“
baffl~~.

.. .. . .
Iti‘shbuldbe”p~inted o~t that, qlt~cm~h removal of

the bai~les from the one c~lintlerproved to be a quick
fix, removal of the baffles from,all cylinders would be “
definitely detrimental.

.... .. .
“. “.‘,. . .

.. ,!. . .

. .
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. .. .
.. . . . .. CONCL?JSIONS .- “..

.. .
,

1. The uoollnc characteristics of”the engine deter- “
mined durin~ these tests showed very ~oo~ agreement with
the Xright Aeronautical Corporation correlation of an
older model R-2600 engine installed inc.atorque stand. ‘
Cooling requirements in the cruise range as predicted
from the ground tests were about 20 percent less than
that determined from fllEnt tests. .

2* At crulsin~-power conditions,when the fvel-
air ratio of the”R-2600-22 e~ine was changed from o.Q65 .
to between 0.056 qd 0.058:

. .

a. !thetemperature of the number 2 exhaust.
valve crown was lowered 85o F. All other engine
temperatures that were .measuredwere also reduced.

. .

b- The brake specific fuelconsumption was
unchanged “orslightly reduced, and the.gpneral
engine performance was not affected.

c. The manifol~ pressure had.to.b.eincreased
by about 10 percent to maintain cruising power,.

de This conclusion should apply equally well
in pnlnclple to any other en~ine that is operated
at lean mixtures for lon~-ranEe cruising, provided
that the mixture-distribution characteristics of
the engine are good eno~h for satisfactory opera-
tion at the lean mixtures recommended.

3~ Endurance testing should be carried out to
determine the effects on the physical con~ition of the
engine of operating at cruise power using a fuel-air
ratio of 0,056 for an extended period of time.

b. ~ instances where redesign of the cylinjer and
valve Is not practicable, exhaust-valve cooling troubles
can be more readily relieved b~ means of internal cool-
ing than by external cooling.

5. For this Installation, the removal of the baf.
fles from the number 3 c~linder reduces the temperatures
at the rear-epark-plug &asket, at the rear mldbarrel,
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(90 82 82 C?3 83 82 82 82 8;0 $:0 6;0 83 8s 65 85 86 86 8S 86 87 87 :7 3!7 7@ 7.3 77 78

18 r~ c&Qs lbn~, 3-300 5/80 .l-Ofo 50/s 4950 4970 4970 4895 48 * 486$ 6 620 6625 639s 6480 642o 63+0 63/0 6240 6246 63o0 6300 54.20 3Z230 3-/7s $H

49/ 4+5 428 39s 38/ 350 343 324 3/0 28o 259 7$5 &u 6/0 S70 522 475 4s0 4/3 390 379 356- 95 3+5 5/s 476
!i6 .0946 .&98# 06S .0798 .0766 .0704 .07v/ .0664 .0636 .0376 .Om .//25 ./026 .093.3 .088 .08/4 .07+9 .07/3 .@&i? .U .Otla .0 H .)/00 ./038 .0996 .0943
r8 6.13 5.97 593 S86 5.83 S95 S87 5.94 6.08 6.67 Z 58. 6621 6./9 .%92 5783 S173 .S69 $769 s80 6.02 6SS & 7g 6.04 6.2S 6.17 6,0/

72 .580 526 ,507 .+58 .446 .4.20 .Sv/ .394 .387 .38s .404 .736 .635 .#9 .s-/3 .466 .426 .40+3 384. .376 ,376 ,383 .707 .649 .6/3 ,=

23 Bmometric pressure idq-abs .zsLj 2’.S& 2S 8 29.8 ~.8 2’5?~ 2.9.8 29,8 2%3 2Q8 2S% Zs.a 2S6 .2S,6 2S.6 .?9.6 296 2.96 29.6 2S?6 29.6 29.6 z9.6 *. ~ ~,~ 3Q /# 3.@#

24 ~ Atnwscheric temperature .F 84 84 84 8s 8a 83 82 83 83 83 85 84 87 86 86 87 88 88 U8 86 88 88 88 78 7b

25 = ,~ ~atwe dmslty of air, 6 —
af @/

. . — . — — . _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

* :6 Averwe frcwt-ff-kadws.5s In. no — — — — — — — — — — — — — — — — — — — — — — — 2,20 — 2.7.? —
27 ,, ~or-a - head P=SS (n. 14=o — — — — — — — — . — — — . — — — . . — _ _ _ 6$ 2.
28 ,, head AP In. U=O — — — — — — — — — — — — — — — — — — — — — _ z ;,8# z ;.;~ I

head, embedd=dtemp “F 3+6 3 7+ 367 39+ +07 +/2. +/9 +Z 5 +L 9 +U +03 38 f 362- 3.9/ +05 4 t5- 436 ++6 437 +66 +61 4+9 4L9
. Spk. du.q qln ** “F

33-3 368 370 38$

316 3?1 3s3 .36o 372 376 38/ ..386 389 387 364 348 327 3+6 370 377 39+ +07 +t.Y- 424 +17 406 3e a 3.27 337 338 33-1.

Hottest emh hsad T+. CVI. W, “F 37/-/3 +0 4-I 4/9 -1 4-?8-1 4 43-/ 4rl-/ 4s6./ + 6,-/ +65-/ +6/-/ 437-3 ‘f~7-J3 8343 +01 -1 +28 -o 4+0-I 439 -“ 467-3 +7&f +8s-/ 483 -{ +69-/ 44 7-I .3e s--b +0+-!/ f 03-/3 +2f -a+

Spk.pkkq g4s.T+ CYI. h “F * 366-/ 361-I 391- ) 404-/ 4/0-/ +/s./ +20-1 9z3-/ +1 7-J 390-, 3 7/..7 -&y j 66., 39,-8 400-1 4)6* +308 +3,* +s2 -8 +s/-8 4+4-8 +Af-a 399-!3 36&..,~

33 ,5 Temm corn Atg “; ,1; !.27

.X6 VI 3s5=+,

127 /2 e 12.e /z 7 /2 7 !1 7 /28 /2 7 129 /. L /+2. 1+.2 I 43
y j .$ +96 ,

/2 e /+3 f+l / +.3 /+3 f+> ,+j /+3 /1 r ,2+ /2 3
.S76 97a ,0,8 ,.s~.g ,OB 6 ,,07 ,,3, ,,SZ ,, es ,,63 ,0.59 ,Oe 6 e3s 903 98/ /0/0 /0 ?f ,,*&l ,,+* ,,73 ,,s, ,,/&l ,OJ, ~~p CJIo ~, s ~~ ,

/a+

35 ,214 /239 ,.2 ‘, ,279 ,293 ,240 ,/9.9 , ,/, , ge I ,0, s ,,.43 ,,33 ,2/g ,2s, ,aey ,3,6 ,300 ,~e, ,,06 pg , ,.+, ,~~~ ,,0s
-. ‘1-%.@ =tqo+ Atq T /002 ,099 I14J ,,66

36 & (th -ta)/ftq -th) — — — .

37

- — — — — — — — _ — _ . _ _ . — _ _ _ . _ _ _ _

38

z

&
J&
*

45

*
&

s:
L

51 .
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!4 I tAaster rod .yli.dam I C.f fs Rem.v~d I

Yi69a

i O:l. c.a.-la 112(3 I LU,T-1644
—

MiMJsl 3F14LU-10
Pllms 1s-87

W ..EI ‘?’’”0”---
1 h. p. [ 70/ 170/17

h. P. )/36.3 l/x5 [/3s81/3<5
. . . . . —.

w -i Cwnp. meterl nq s Uctim I in.HaO 16.615716 .0[$4

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS Table I Master Data
E~i.e make JYck& Blow.r imp din. ~. Prop make C.rtiss Grb. *sI PR48AI F(IEI SpU No. ANF-28 M09ne+0 make _

Aem ccl, m Gear ratio ~ Type Electr]c Make Smmberq Grade% American Bosch

M&l R-2 600-22 10.06:1

Sheet ~ of ~

No. uf blades & Serial F& 343544 Serial Nos. R.I-L

2; Ud%$% Nos I ad ‘U Fon CurtisG Na I
-.. -. . . . .

Camp ra+i. ~ Spark advance~

I seri.s nwnber

-—

4 I I /i/l/I/ f I I I I I / 1 /“ /. ., I / I /1/ ,2 “2 2 2 2 3 3 3
rzs 426 427 428 429 442 443 ,4$.? 445 446 448 !449 450 :;~ ;2;2 453 401 402 403” 404 405 454 455 *ti

+ *J - ,,m=
V8~ Ho+ Flaw 74844 7-/8+ F/&# 748-?4 7%44 72.?44 7-2Z44 722-44 72244 7-2244F.22447,?244?224 7 4 72?4 7

1 . .. . . ,
-24-4+ 72444 W4U FW44 FM =54? F&# 7X*

,AAf AM. AAf PM PM PM PM PM AM AM ,447 .4A? AM /=J/w PM PM pm Pm Pm #A4 AM AN 4/47 AM ,4M
5 tine sped E p. m,

Am Ad
12000 2000 2000 2000 2000 2000 2000 2000 2CW0 2000 2000 2000 2000 Zom 2000 20LV 2000 2000 2000 26OO 26OO 2600 .?600 26oO aoo 24OO 2400

6 Tcrtmm prassure \ Ib. /in.x I 23s- .?85 28S 2d5 2c9s- 28s 285 285 2s0 267 273- 2go- 290 295 305 295 285 260 220 235 235 233 233 232 500 475 430
7 - brake -o ‘ 70/ 30/ 70/ 70/ 70/ 70! 6!6 65U 676 702 7/4 727 7s/ 727 702 640 542 73-/ 78-/ 743- 74s 742 /+7s /402 /2m-

9
“ /3z6- /363 /3s9 /448 /42 /&z /42 /4/ /-4 / /39 /38 /39 /9s /36 /39 2s9 254 2S2 2s2 Ze 207 207 207

,: -g Indlcntmd

+ :& ~u~w: ~.i:~

F hp
L Ow
83Z 3

L Ob’v
836.5 U36.6

Low
836.5
Lo)&’

836.5
Low Low

836.3
Low
340.s+

Low
8453

fow
7s8

Low
800

Low
8/6

LOw
843

LOW
855

L Ow
866

Low’
8a9

LOW
866

Lo#v
84/

L O)y
778

LOW
68/ /004

Low
/00s
LOW L Ob’v

~97
Low
597

Low
@ .94 /082

~o)y
/609
Low

/476
Low

— //? .4 R+ AR+ AL+ AL+ AL AL- AL- 3=.Q+ /=/?+ .=R* /7?+ FR+ A&’+ A/?- AL+ AL+ AL- AL. f .4+ /=/?4 /=R+ .Gw /=R+ ~.Q+ 44?+ ~.qi
12 Cowhna flap -It I&l OPEN oP&’f WEN oP&v @EN OPm OP’!W oPm OPEN OPEN CWEN oPEN 0PE74 OPEN WC? m (b=EN o
13 Blower rim Pr93sum in. %.

RW WEn Cwa !hi-av Id,.? est+; O.a?tf cl%w LWEN old
-abs 2 i?o 26.8 Zzo 2 To 2z/ 2 Z8 29.3 3/. 3 26.0 26.2 262 2.6.7 26.8 2 To 27!7 2.?5 2Z5 2 Z6 2Z4 26 26 26 26 2.6 4Z 40 37

15
53 5.7 6.6 8.2 6.7 0.6 6.6 6.5 6.6 .x6 57 55 S8 s.6 .S6 /0. 3 /0.4 /0. 3 /0.4 /03 28.0 252 221

Lhc&’np ,! U in. Iito Zo 6.7 6.8 6.7 6.7 Z/ 8,3 /0.2 7./ 70 Z@ 6,$ To 70 Z/ 6.8 7.0 7,0 ?0 /0. 8 /09 /0.6 /0.9 /0. o 3Ls- 28.6 a<
16

2%
Venb.ml sxtiou in. CCL+ 8.5 8.2 8.3. 8.2 8.2 8,6 /0.0 /2.4 8.4 8.3 8.3 a 5 8.5 8.4 8.8 8.5 8.6 8.5 85 /3.! /3.s /2. 8 /2,6 /2. 7 +49 3&?.9 3a?

17 Corbretm alr temp. “F 76= 79 78 79 80 8G 80 7s 78 79 78 78 79 80
18 “~ j

80 87 8/ 8/
Ckorqe alr flow lh/hr 49 so 486s

80 747 73 73 7s 76 80? 8.? 82 ~

19 ~~
488o $870 4870 4960 5370 J960 4940 49/0 49/0 +975 4975 4940 .S060 497s 5W0 4975 4975 6/50 6/85 6080 60

Fuel flow
. .

30 6030 /q3iw 9820 3.690

20
440 404 387 359. 335 3/9 316 322 550 SOS 478 455 445 392 373 344 320 292 266 595 595 .585 582 S30 /040 97s 890

Fuel- air ratio Ib. /hr .0889 .083/ .0793 .0737 .0689 .0643 .0589 .0540 . /12 ./03 .0974 ,09/5 .0894 .0794 .0736 .0891 .0636 .0586 .0s5 17968 .0962 .@46 .096.3 ..0962 ./cW3 .0994
~ I.dicotmd spec ific air cc+n, Ib]lhp/hr X91 X82 58+ S82 S82 393 639 Z05 6.43 6./4 6.00 z 90 582 K70 S70 S75 S96 640 z3/ 6./2 6,/6 6/0 6.05 6.07 6./7 6./0

.foo/

6a-
22 ,, !, $uel “ Ib/ihp/hp .52 b- ,463 ,%2 ,429 .400 ,377 .376 38/ .726 .632 .584 ,540 .520 45-3 .4?0 .397 .98/ .375 .39/ .592 .592 ,S87 ,s84 .584 .620 .606 .603
23 Barome+rlc preswr-z m.hq,-abs .3Q 14 30. Iq 30. /4 30. /4 3a 14 3 0./4 3
24 ~ Atnwsphwlc tenps

o. /4 30/4 3a(8 30.f8 30.18 .30. /8 30./8 30. la 3a/8 3@8 30./8 30./8 90./8 30.// 30.// 3at/ .30. It 30.11 30.00 30.00 3am-
ratmm , ‘F 78 79 78 77 78 Z8 78 78 76 77 77 77 77 80 80 78 78 7C9 78 72 72 72 7S? 75 8/ 8/ 82

~ = .> Relative density af air, 6 — — — _ _ _ _ _ _ _ _ - — — — _ — _ _ _

26 0< Awm.qe frmt- of -kecd Dress in. 14=0
.s742 .Sw .W42 .9750 .9732 .9s3 .9s-3 ,93g

— d ,,
— 2./2 — 2,32 — 2,/6 — 2,60 <.48 2,q3

&
2.32 228 2.28 2.+8 2.28 2.s0 2.52 2.44 2.28 4,# 474 486 496 4.88 332 3.92 3.6+

r-?-x- of-kmad pass In. H=O — -72 _ _, ,2 _ –,~a . -,96 Y60 -.68 -.68 -.68 :68 -.72 ?.38 :72 .64 n60 764 +.s2 *96 :44 ;84 7!24 =2.40 -2.04. -2. /?
2a ,, head AP in. H,O — 2.84 — 3.04 — 2.64 — 3.56 3.08 300 3.00 2,96 2,% 320 2.96 33.? .3/6 9.04 2,32 3s6 438 S30 x80 6./2 572 SG’O S76

head,embed&d tamp “F 39+ 40* +)7 +3). 439 443 4.Z 6 +03 35-2 348 377 390 393 ● L7 +39 ++7 +97 416 386 400 3e7 37+ 36+ 300 4.Z7 +-la +,0
,! ~pk, pluq qa$. ,, “F 36/ 373 3.94 .3s7 +00 407 3s6 36+ 323 337 3+7 358 36~ 3.90 400 408 +/0 3731 3s+ 363 3s0 3.333 .,29 .3Af 38s 3.30 370

& =J. Hottest smb, h~ T+Cyl. no. “F +29-II 443-/ +se -~ +59-I +68-I 473-/ 4,s2-I +38-3 3eo-11397-,3 +0+-/ 4!.9-1 +23-%, +58-/ 961+ 48/-/ +76-/ 4 f.H 407+ +2+-/ +/5--/ 40)-1 39/-/ 388-I ‘M3-/a +51-I Us-f
32 429-1 43 7-I +1.-8 391-8 , .36,-11 373 -f 383_-t 3 m-l +1 0-/ +30-/ 9 40/ + t9# 423* 390+3 389-I 375+ 361-! 35s- I 3s0-/ +~ (H? 409-/ 39?-/’

,+ /2 .1- /2+ /2+ /25- /26 IL 6 /26 /.z 6 /.2 6 /2 6 /63 /6.2 /62 /e3

lq]$l ,= t..+ ‘tq .[ J ~ ~’””’~’”=’~’’=-~’’-’~’””~

/63 /=-+ .Z+ /T*
,rrx ,<.-JT= , 0S6 905 936 978 987 /09 0 //a 9 //6 0 //60 /06$ 96 I SS-3 9.7e 971 956 95s 917 93+ 929 “

,,, ~ ,2/s- ,Ae, ,289 ,302 ,A+.r /,68 900 ,0 so ,060 ,,02 /,, 1 ,2,6 ,2.7,- ,.Q6 ,Z.96 ,,* ,Oa 7 ,,,6 !n o 1/33 Ills //2 # ,oa# ,08.9 ,o~

36 th-td ~tq-th) _ —— —— —— ——
.-

1.+4Z +4A .+92. ++-? +*.Z .4+2 +*A 4+1 .++A ?+2. .**A .+77 .+4 7 +/+ ,398 .3e7 .Ss.z .s3+ .3D7
1 I

I Ib.j h L

spk:pluq Q! BT+CYL no I ‘F 13S3-)1 40>/ IW9+ 1+17-/

W12* ~.%’
Temm ,CC.W Atq, I “F. /3. f /2$ ~/2+ /Z$ lzi6 1/26 1/26 l/z~l,z

.C ,,,. ,” . . . . . . . . . . . . . ..- ,,. . . !,, --,...- ,.-- .,.

K=4
z
o
.
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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS Table I Mcder Data
En~ ~~, = Blowar IT. din. ~ Prop. malu Curti_ Carb. “modal W48 A I Fuel SpeC, No.- Mqw+o make_

Gear ratio 706: I Typa J.Iectric Mll(e St be Grode ~ shwt~of=

M#JJ*
Mmtirrod z:dl.-

N&AdGv$ %-i., J?135%4 Ta,t Q+

F’mF red. rat). H Noa I end 12
Oil- Grade 1120 Wr(qht R-2&Xl-22

Ur 18s o M&l SF14LU-10

.“ 1 ,
WYI I I

{ I I I I I

.-
0/I I I I I

. 1 1 r I
k-d I

B=H=H
r

.#

u n t=-. . . ,___ . . .“-, ..- ..- . . .. -,. .,19

37

3:
40

&
42

J&

*
~

47
*

49

T
51
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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS Tabla It Cylinder Temperatures

E%,ne make w Blower imp dia. ~ Prop make Cwkis. Carb. model PR48AI Fuel Spec. No. ANF+?8 M.q.tI+o moke _ Equation (2)
Gear mtio, 706:1 Ty~ Elec+ric Make Stmmbem G.nde Q

MoM R-26C0-22 ~ No. uF bla&s &

America. Bosch
serial Nn 343544

At g = .8~c+ ]~~~] skaet~ of ~

I@. No. 426724
s.arical Nos RH..5-I928

Master rod c y] I.ders Cuffs Removed
Test of

Prop, red. m+ io ~ ks. I cmd 12
Oil -Grad- 1120 LU,T-1644 W.( ~ht R- 26C@-22

FaLI Curl-iss No, I ~al SF14UJ-10” Coolina Correlo tion
,QLL I Spark od..mce,= I I I 1 Plq3 ~

~ Series number l—l /l/l/l/l/l/l/ [/1,
~ RIM ““mbm 1—130/ 130213031304

~ Date

( III “F I 32413491 3591367

i 121 “F I 32/1 34513S6 I 362
r 131 “F 133713621372138)

5
141 7= I 3J8J 3+ o 135013s8

; Averaqe 7 I 3/6134/ I 3= 1360

I

2 “F

-- -
223 22.5 22/ 224 227

3 “F 2+6 249 247 249 253
4 T 222 225 22/ 22/ 223
5 ‘F
6 “F

2sa

2/3 2/6

2ss 253

2/6 2 /.9
2s 7

2/9
26o

7 ‘F
8. T

247 — 22-0 SS4 2S4

9 ●F

—

10 “F
239s–. r

II -F
229 233

12 “F
257 2s9

,= or
240 24/
->. 9.

141 “F I
A.eraqe “F —

I 1 H=——H=——la=——1 1 1 1 1 1 1 1 1 1 1

I—— —— —— —— —— —
I 1 I 1 r I I I , r =1=——

1 I 1 I 1 I 1 i 1 1 1 1 I 1 1 1 1 1 1 1 1 [ 1 I 1 I 1 1 I I J
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3
32
33 L

2

35 z
36 2
?7 L

3
G
39
40
41
42
4

M

B
46

.Z

50
1

52

2 .t, .? 1.

!.0 51, --F,... .~
o &l .r

1 I 1 1 I I 1 I I [ 1 i I
!30[4401439[40719 731384137s I 36213s13~[4021~913#1389 I

?84139/ 13941 37/ 134513<31 33/1 32/I 3/3 [ 307[ 3741 3861369]s621 I

IA -.

“F -.. ,--7 - “r -d r a.. .-w -a . .=-- “ .- --r . -’r r -. a. d.. -,
1; “F

-.. -. ~z, ~.z ~+ , z+, -. zlra <., <+

233 I Z?J6 239 237 242 229 219 220 224 227 230 232 240 240 242 24/ 23/ 220 233 Z27 232 2/0 2/s 243 2.

A.eraqs ‘F 2-1249 258 257 2s7 23-0 241 233 237 24/ 2 45 247 257 260 20/ 26/ 2s/ 2’97 253 247 242 2s3 236 263 24

I I I J
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~NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS I Table IT Cvl imder Tenpepature=

... ..- ,,.. -,. - ,,lmr. . . . . r,. ., A.,r -.,, ,., , I c ,. (..>

$7
shuts OF a

tar ‘F CJac 309

x
61 5
Q

.F 3s/ 3;;

w 8 .F 3/9 30+IZ9UIZ
7 335 320! 3/2 I 3

0. a ‘; 355 344133313
i
&

9 .F 351 =2=1 =-J-I =
10 .F 33:

i
II ●F 36C a

61 12 .F
~.. ! .

13 .F 3
k 1A ●F 9

Averoqe 1 -F

+0/

?E
G indw Iwrnt.u I “F 37/ 356 3+9 344 335 379 37< 386 379 376 367 365 359 349 3+/ 333 322 1+2S1 430] 41S I 393

i? .F 336 323 3/7 317 310 354 349 356 349 344 339 33/ 323 3~o 313 299 28613961 393[ 3771336

t
3 “F — — — — — — — — — — — — — — “— — —
A ●F 747 329 320 3)6 3/f 3s6 35/ 362 350 3+6 338 933 327 326 32 I 303 290[ 39/ I 390 I 3701323

$ 326 323 217 357 349 36s 36/ 356 345 342 334 332 3=! 3 3/3 205
-----

’96 290 327 3/6 333 327 326 3/8 315 311 310 30/ 289 277 303 313 3ss I 3/5
/2 305 330 32/ 349 343 3& 33) 3.?8 3/9 3/9 300 302 283 3a7 393 37s1 343

30 320 370 3s8 379 369 370 359 3S5 3#- 34/ 331 3/0 297 433 437 4/9 I 366

r , .,Z< 4-. -/7 309 .353 345 961 339 351 340 336 327 322 3// 3M 28/ 4/5 420 4--’ --’

31320 306 299 29/ 34s 333 350 .338 34/ 335 327 3/7 313 299 284 263

“l 350 335 326 317 375 362 380 377 37/ 361 358 348 337 324 3/4 209 43/ 427 4// [ 38

$+0 330 .3)9 311 302 362 3+7 370- 359 356 3s5 3S75 338 324 3// 29f 373 429 422 398 [ 3X

?60 347 336 330 323 362 3s7 377 373 369 362 a58 350 340 327 3/9 300 424 423 4/2 ] 38

3& 330 320 3/5 “307 369 360 3S6 357 352 347 340 329 322 307 289 273 397 39/ 374

347 332 322 3/8 3/0 357 348 364 357 354 346 341 333 327 3/7 304 287 +08 40/ 39/ I 5=+

.- LJ-

p~ I I
[ =1. !.1 .1 -1-1 - 41<

-j A??/
-b?3.#

r #m[A/b71 /l/./ AM

4x7”’ #58[429 4/+
--1 3 S6

+00

I *,-, $.,= ,>xOl.7q. / 377.—
: 3ez
‘ 367

,1+5/17 so 9/0 .J (0’ 385
? I 450] 453 4 3/ 376 +01

,..
+65 %f4 4/1 +08

JI+*31+44 4/7 364 395.
!4 403
-1 389

-1 +/d 402
-. 0

real 39a I S+DI 331 I 3/3 I 4451 WI +2513s3 392

! ! I !_ ! I ! I
371
3s/

-— *! —— —

~aoz 1408 I 33?6] 33313<5
---- ---- ---- ’726

344

t 392
W3 I 3T5 36 S

114/31409139013.24 365
- ?9 365

-2 35-.7
37 365

c I 332 337
---: 3s7

I I I I I I I I--- -. -,.-.,——— ,- ——,- —, 253
,>, 4,Y 225

; 246
I2491 24/ z 3/ s?/5 222-

.’ ---’--- 268 252 259
22.3 2/3 2/9

-12921— 267 247 257
— — —

?1279127/ 257 2+0 249.—
“ -:3s
2S3

2S01237 239
– -~ 24/

4=,, d~d 226
2=1 236 24/

Task OF
Wv&t R-2600-22
Coditnl Correlation

z
o
.
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Figure l.- R-2600-22 engine installation in PBM-3D ground-test setup.
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(a) Front of front cylinder

@ -Lc)tal-pres.ure
*. Open-enC-static

,1

I

(b) Rear of rear cylinder

tube
tube NACA

x’ closed-end static tube LMAL 39117.1

Figure 2.- Locations for pressure-tubeinstallationon R-2600 cylinders.
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MR No. L5L18

Figure 3.- Embedded thermocouple installed on front cylinder of
R-2600 engine.



Averagetemperaturesof oyllndero 2 and ~,

Figure4.- Comparlson of temperatures measured by test
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thermocouples.



MR Noc L5L18

.

1
Cer-umvk fubiky~
Cbnsfun727r7 \

thermocouple wire
S~/We55 sfee/ fubing,

(20%” aD.

t!

4————.—.————

II
\ COnsfun ton contuct —,
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Figure 5.- Deto;/S of sodium-coo/cd ex~au.t

vo/ve equlp~ed with u f~prmocoupie.



CONSTANTAN CONTACT
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Figure 6. - General arrangement of exhaust-valve thermocouple

contacts inside rocker-box of engine cylinder.
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Figure 7.- Variation of effective gas temperature with fuel-air ratio.
Cylinder heads: Wright R-2600-22 engine.
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Figure 8.- Cooling characteristicsof Wright R-2600-22 engine:
Established correlationline referred to ~Ap
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Average of rear-spark-plug-boss embedded temperatures, ‘F

Figure 10.- Re.lationship of hottest rear-spark-plug-gasket temperature to
average embedded head temperatures. Wright R-2600-22 engine.
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Figure 11.- Indicated specif-icfuel consumption; Wright R-2600-22 engine.
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Figure 12. - Comparison of NACA data with Wright Aeronautical
Corporation cbrrelationo
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Figure 13.- Comparisonof typical pressure-droppatterns for ground test and
flight test.‘Bothtests with Curtiss fans and origi,nal baffles, Wright
R-2600-22 engines.
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Figure 14,- Comparison of typical temperature
test. Wright R-2600-22 engines.
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15.- Comparison of flight-test correl ations and ground-test
Wright R-2600-22 engines.
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Average of rear-spark-plug-gasket temperatures, ‘F

Figure 16.- Relationship of hottest rear-spark-plug-gasket
temperatures to average rear-spark-plug-gasket tempera-
tures. Wright R-2600-22 engine.
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Fuel-air ratio

Figure 17.- Effect of fuel-air ratio on exhaust-valve crown temper-
ature. bsfc, and required manifold pressure. Wright R-2600-22
engine, 1975 rpm, 150 bmep.



Fuel-air ratio

Figure 18.- Effect of fuel-air ratio on temperature of exhaust-valve seat,
exhaust-valve guide, and rear spark-plug gasket. Wright R-2600-22 engine,
1975 rpm, 150 bmep.
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Figure 19.- Effect of changing engine fuel-air ratio on rear
spark-plug gasket temperatures of different cylinders.
Wright R-2600-22 engine, 1975 rpm, 150 bmep.
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Figure 19.- Concluded.
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Figure 20.- Comparisonof temperature patterns with baffles on and off of
cylinder number 8. 1975 rpm, 0,.079F/A. Wright R-2600-22 engine. 880 bhp.



Illllllllrli’ulfllllli
3 I1760135Ll_40g?_


